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Abstract 
 Drive hunts are a method to herd, capture and kill small cetaceans (whales and 
dolphins) in coastal waters of some countries including Japan and the Faroe Islands. In Japan, 
these methods are often associated with the acquisition of live dolphins for international 
marine parks and aquaria. During the hunts, dolphins are herded by a flotilla of fishing 
vessels and loud underwater noise created by fishermen banging hammers on metal poles. 
The prolonged and strenuous chase and use of sound barriers to herd, capture, and restrain the 
dolphins can result in acute stress and injury. The authors review physiological and 
behavioural data pertaining to chase, encirclement, and live capture of dolphins and draw 
comparisons between chase and capture data for marine and terrestrial species. This analysis 
raises substantial welfare concerns associated with the hunts and acquisition of dolphins from 
such capture operations. The authors assert that this data detailing the negative impacts of 
chase, herding and handling (capture) of small cetaceans renders these hunts inherently 
inhumane and should inform policy relating to the collection and management of dolphins in 
the wild. 
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Introduction  
Drive hunts are a method used to herd, capture and kill small cetaceans (whales and 
dolphins) in the coastal waters of some countries including Japan and the Faroe Islands.  In 
Japan, the animals are herded by a flotilla of fishing vessels (Figure 1) and a cacophony of 
underwater noise is created by fishermen banging hammers on specifically designed trumpet-
shaped metal poles (Figures 2 (a,b)).  The practice generates powerful acoustic signals 
(greater than 170 dB) which are transmitted through the water inducing flight, escape and 
avoidance behavior in the animals pursued in these hunts.  This is known as the Oikomi 
method (Akamatsu, Hatakeyama, & Takatsu, 1993; Brownell, Nowacek, & Ralls, 2008; 
Ohsumi, 1972) and it is used to drive cetaceans into harbors or shallow coves where they will 
be either killed, or selected for display in marine parks and aquaria. The main species taken in 
the Japanese drive hunts include: common bottlenose dolphins (Tursiops truncatus), striped 
dolphins (Stenella coeruleoalba), Risso’s dolphins (Grampus griseus), false killer whales 
(Pseudorca crassidens), Pacific white-sided dolphins (Lagenorhynchus obliquidens), 
pantropical spotted dolphins (Stenella attenuata), and short-finned pilot whales 
(Globicephala macrorhynchus). More recently, melon-headed whales (Peponocephala 
electra) and rough-toothed dolphins (Steno bredanensis) have been added to the targeted 
species list.  Quotas of over 2,000 dolphins and small whales are issued annually for these 
specific hunts (Kasuya, 2007). 
In a previous report, we describe and discuss the killing methods and techniques 
employed in the drive hunts and why they do not conform to the recognized requirements for 
humane killing methods that render “immediate insensibility” and thus would not be 
permitted in any regulated slaughterhouse process in the developed world (Butterworth et al., 
2013).  
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Figure 1. A fleet of boats returns from a dolphin drive hunt in Taiji, Japan. Image: 
DolphinProject.com 
 
 
Figure 2. (a) Metal trumpets utilized in the dolphin drive hunts. (b) Trumpets (indicated by circle) are 
mounted on vessels and placed in the water. Using a hammer or other object, fishermen bang on the 
poles to create loud noise (up to 205dB) that disorients the dolphins. Image: Courtney Vail 
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In this paper, we focus on the chasing, herding, separation and confinement of 
animals during the drive hunt process, and review the existing literature and other available 
data on the physical, behavioral and social impacts of these activities on cetaceans. This data 
is compared to existing data on the impact of hunt and acquisition activities in other species.  
We raise questions about the potential welfare and conservation implications of the methods 
used in the drive hunts and highlight the notable absence of scientific data applied in policies 
governing dolphin management and acquisition.  
 Acoustic Impacts: an aversive wall of sound  
During the drive hunts in Japan, the aversive wall of sound is created by the 
combination of boat engine noise and repetitive banging on the long metal trumpets. 
Brownell et al. (2008, p.82) report that:  
“When a scouting boat finds a school, it reports to the office on shore and 10 to 20 
driving boats are sent to surround the school and drive it, by making noise underwater 
with ‘trumpets’ (Kasuya, 2002), into the bay of the village where the dolphins are 
stranded on the beach or surrounded with a long net and killed.” 
 
Akamatsu et al. (1993) assessed the action of the metal trumpets and showed that the 
sound was effective in causing the animals to swim directly away from the source at received 
levels of 170 dB re: 1mPa. The same researcher also reported that these trumpets, also known 
as banger poles, could produce sound at 205dB re: 1mPa at 0.2-5.2kHz. Both 174dB and 205 
dB are ‘extremely loud’ sound levels (louder than a jet engine at close proximity) and in 
shallow water and where the sound propagates outward in a concentric ring, cetaceans at 
ranges of up to approx. 1200m (1.2km) can potentially receive sound levels capable of 
eliciting strong behavioral responses. Brownell et al. (2008, p. 86) concluded that: 
“It is not surprising that Japanese fishermen, using two of these [trumpets] on each of 
several vessels at the same time, are able to herd schools of small cetaceans from tens 
of kilometres offshore into harbours, or cause them to mass-strand on beaches.”  
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Anthropogenic sound is a potential stressor for marine mammals that affects 
psychological and physical health, as has been demonstrated in other mammals (Romano et 
al., 2002; Tyack, 2008). The primary sense of cetaceans is hearing and they are reliant on 
sound continuously for multiple social and biological functions such as foraging, navigation, 
maintaining social contact with members of their social group, breeding, and threat 
avoidance. The exposure to high levels of noise, and especially to prolonged exposure to 
noise, will negatively impact many of these important functions (Tyack & Clark, 2000; 
Wright et al., 2007a, 2007b).  Noise, has been defined as “essentially as an aperiodic signal 
that interferes with the perception of sound and has a negative physiological impact” 
(Ketten, 2016, p.208).  
Although cetaceans use a rich variety of multi-modal signals (e.g., behavioral, spatial, 
and tactile), they rely heavily on acoustic communication to maintain contact, both at close 
range, and also at longer distances. Many toothed cetaceans use wide-band sonar signals for 
navigation and orientation and use a rich repertoire of frequency-modulated whistles and 
pulsed calls for communication and cohesion between group members (Brown, Caldwell, & 
Caldwell, 1966; Esch, Sayigh, Blum, & Wells, 2009; McCowan & Reiss, 1995). With 
disrupted capacity to communicate, the animals may experience social disorientation, 
increased stress and loss of ability to use acoustic senses (Tyack, 2008; Weilgart, 2007). 
Elevated background noise levels have been identified as a source of interference in marine 
mammals’ ability to detect calls from other individuals, and may result in long-term 
displacement or abandonment of important habitat where resting, feeding, breeding, 
migratory patterns, and social interactions are interrupted through noise disturbance (Fair & 
Becker, 2000; Nowacek, 2007; Richardson & Wursig, 1997; Tyack, 2008; Weilgart, 2007).   
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It has been well-documented that repeated exposure to loud noises may result in 
physical hearing loss.  Noise-induced ear damage has been reported and can also be 
detrimental and negatively impact navigation, diving, foraging, communication, and group 
cohesion (Wright et al., 2007a).  Noise has the potential to induce temporary hearing loss also 
known as temporary threshold shift (TTS), if it is loud or long enough in duration. In general, 
the higher the sound level and/or longer the duration, the more likely TTS is to occur. If 
exposure is prolonged or repeated or even as a result of one very loud noise event, the hearing 
damage can become permanent, also known as a permanent threshold shift (PTS) (Finneran, 
2015; Tyack, 2008; Weilgart, 2007). Although progress has been made in understanding the 
potential adverse effects of noise on marine mammal hearing, much remains unknown on 
how exposure to high dB levels and impulsive sounds can result in acute or chronic hearing 
deficits in marine mammal hearing (Finneran, 2015). 
Wright et al. (2007a) integrated the available information on noise and stress 
responses in terrestrial mammals and contended that this can be extrapolated to cetaceans and 
other marine mammals because stress responses to noise appears to be highly conserved 
across all the species studied. Thus, for cetaceans as in other mammals, noise is a stressor that 
may result in “suppression of reproduction (physiologically and behaviorally), accelerated 
aging and sickness-like symptoms” (Wright et al., 2007b, p. 275). When dolphins cannot 
remove themselves from prolonged and loud sounds, in addition to physiological stress, 
damage to overall fitness can also result (Finneran, 2015; Tyack, 2008; Wright et al., 2007a). 
Changes in the profile of blood parameters have been linked to the effects of noise in 
cetaceans, altering immune competence in individuals which may have far-ranging 
consequences for targeted individuals and populations over time (Romano et al., 2004; 
Thomas, Kastelein, & Awbrey, 1990).   
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During drive hunts, the repeated and prolonged transmission of high-amplitude sound 
generated by the metal trumpets and the noise of the boat engines, creates noise at potentially 
damaging dB levels for these animals and very likely disrupts communication between 
individuals and groups. The acoustic onslaught experienced by cetaceans during the drive 
hunts is significant and may negatively impact them in many ways. Importantly, the 
cumulative multiple stressors resulting from ear damage and the stress responses to noise 
itself can affect both survivorship and reproduction, thus impacting both the welfare of 
individuals and health of populations.  
Physical impact:  handling, restraint and injury 
Once sequestered in the cove, the dolphins are sometimes held up to five days before 
they are selected for slaughter, segregated and taken to sea pen holding facilities where they 
will eventually be distributed to aquaria, or released. Injury may occur during this selection 
process. For those individuals selected for slaughter, they are roped around their tails (caudal 
peduncle), and then towed to the killing area while still alive (see Supplementary Video 1).   
Analysis of video of this activity shows that when dolphins are driven close to shore, 
they exhibit very rapid respiration rates. When forcibly submersed, they lack the capacity to 
control the duration of their submersion and display profound distress (Butterworth et al., 
2013). Diving mammals are highly adapted for submersion, and capable of relatively long 
intervals between respirations (compared to terrestrial mammals). Diving animals are also 
capable of storage of oxygen in blood and tissue, and of bradycardia (slowing of the heart 
rate), adaptations that can extend the dive interval (Castellini, Davis, & Kooyman, 1988; 
Eckert, Eckert, Ponganis, & Kooyman, 1989; Williams, Haun, & Friedl, 1999).  It is our 
contention that, despite the formidable adaptations to diving of toothed whales, some 
cetaceans may be drowned or asphyxiated (i.e., die from failure to be able to breathe through 
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voluntary apnea, as opposed to entry of water into the lungs) during submersion and that 
many animals are subject to profound respiratory challenges during this process. Drowning or 
asphyxiation, resulting from forced restraint, would not be permitted in any accepted 
slaughter process for terrestrial mammals, and this highly aversive mechanism for killing 
these air-breathing animals has not been formally assessed during discussions on the ethics of 
small cetacean drive hunts (Figure 3).  
Individual dolphins, including calves, are sometimes released so as not to violate 
species or seasonal quotas. This selection process involves the rough handling of individuals 
that are often struggling against the nets or exhausted from the chase and herding. Individuals 
that are selected for marine parks are held in the cove and often removed days after the chase 
and slaughter has ended. Video footage from documentaries and other images readily 
available in the media reveal injured dolphins with obvious physical trauma (i.e., bloodied 
areas on the body) from the handling and restraint associated with selection for marine parks 
and relocation to the shoreline (Figure 4). Permission to hunt Pacific white-sided dolphins 
was granted in 2007 and requires special nets (Hiroyuki, 2011). This species is taken 
primarily for live capture for aquaria, but the capture process—although conducted offshore 
and outside the confines of the cove—involves the same chase and capture methods, and 
potential for injury. 
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Figure 3. (a) A group of Risso’s dolphins is corralled behind nets at the conclusion of a drive hunt. 
Image: DolphinProject.com/Marna Frida Olsen. (b) After chase and confinement in a cove, live 
Risso’s dolphins are tethered and towed. Image: DolphinProject.com/Marna Frida Olsen. (c) While 
still alive, struggling dolphins are tethered by their tails for towing to the slaughter area (indicated by 
smaller circle). Other free-swimming dolphins (indicated by larger circle) are in close proximity to 
those tethered. Image: AtlanticBlue.de 
 
 
 
 
Figure 4. (a) A dolphin is secured in a net after selection for a marine park. Image: Sea Shepherd 
Conservation Society. (b) An obviously injured dolphin being restrained during selection for a marine 
park after a drive hunt. Image: Sea Shepherd Conservation Society 
 
 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
10 
 
The impacts of physical trauma associated with the chase and herding process is also 
evidenced by individual dolphins that strand and die after the hunts have concluded, often 
washing ashore days later (see https://www.youtube.com/watch?v=IVCHdNc13cc).  
According to eye-witness accounts, dolphins selected for release rarely leave the cove on 
their own—rather, they are chased and forced back out to sea by the fishermen (L. Lemieux, 
personal communication, August 5, 2018). These individuals are severely traumatized and 
disoriented from the process of the hunts. Pelagic species such as striped dolphins appear to 
panic in shallow water, throwing themselves onto sharp rocks as they avoid their pursuers in 
the cove (Supplementary Video 2). Releasing calves or over-quota animals during the hunt 
may contribute to other hidden or indirect mortality currently not monitored or quantified. 
Once released, the fate of these individuals injured or traumatized by the chase, handling, and 
proximity to the slaughter of their pod mates, is unknown.   
International guidelines governing handling before slaughter 
 Recommendations adopted by consensus among the veterinary authorities of the 
World Organization for Animal Health (OIE), an intergovernmental organization responsible 
for improving animal health worldwide, state that all animals slaughtered outside 
slaughterhouses should be managed to ensure that their transport, lairage, restraint and 
slaughter is carried out without causing undue stress to the animals, including handling in 
such a way as to avoid harm, distress or injury (Shimshony & Chaudry, 2005; World 
Organization for Animal Health, 2011).  Under the OIE, Japan has an obligation to uphold 
these principles.  These recommendations also include guidelines that would specifically 
apply to the methods deployed during the drive hunt process, including prohibition against 
conscious animals being thrown, dragged or dropped; avoidance of excessive pressure that 
causes struggling or vocalization in animals; excessive shouting or making loud noises that 
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may agitate the animals; and suspending or hoisting animals by the feet or legs.  The 
handling, restraint and transportation of cetaceans violates these guidelines. 
Socio-psychological and ecological impacts  
Observational and experimental research conducted in the field and laboratory has 
demonstrated that dolphins exhibit high levels of cognitive and social complexity, including 
advanced social and self-awareness, sophisticated social learning, tool use, vocal and social 
imitation, the ability to comprehend symbolic gestural “sentences”, self-organized learning, 
metacognition, and cultural transmission (Connor, Watson-Capps, Sherwin, & Krützen, 2011; 
Herman, Richards, & Wolz, 1984; Herman, 2002;  Krützen et al., 2005; Mann & Singh, 
2015; Mann & Smuts, 1999; Marino et al, 2007; Reiss & Marino, 2001; Reiss and McCowan, 
1993; Smith et al, 1995; Whitehead, Rendell, Osborne, & Wursig, 2004).  Notably, advanced 
social awareness has been well-documented in young dolphins (Connor & Krützen, 2015; 
Gibson & Mann, 2008; Mann & Smuts, 1999) and young bottlenose dolphins show the 
emergence of self-awareness, demonstrated by mirror-self recognition, at an age earlier than 
reported for children and apes (Morrison & Reiss, 2018). Dolphins in Shark Bay, Australia, 
use sponges as tools during foraging. The practice of “sponging” appears to be transmitted 
culturally and has been attributed to an almost exclusive vertical social transmission within a 
single matriline from mother to female offspring (Krützen et al., 2005). Bottlenose dolphins 
live in complex social groups, exhibiting fission-fusion type social organization in which the 
size and composition of groups are dynamic, and social factors, such as alloparental care, can 
contribute to variation in individual reproductive fitness in this species (Frère et al., 2010). 
Dolphins are mutually-dependent, form long-lasting social alliances that may be more 
complex than exhibited by other non-human species, and exhibit high levels of social 
awareness and social cognition (Connor & Krützen, 2015; Connor, 2007). Dolphins are social 
learners and have an extended period of juvenile dependency during which time youngsters 
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are cared for by, and learn from, their mothers and other members of the social group 
(Connor, Read, & Wrangham, 2000; McCowan & Reiss, 1995; Reiss, McCowan, & Marino, 
1997; Whitehead, 2010). Although precocious at birth, young dolphins are highly vulnerable, 
requiring a high degree of parental care and energy investment by mothers and alloparents 
(Gibson & Mann, 2008; Gubbins, McCowan, Lynn, Hooper, & Reiss, 1999; Noren, 2008).  
Dolphins show altruistic and epimeletic (caregiving) behavior towards members of 
their group and other cetacean species, including assisting pregnant females during delivery, 
alloparenting, and supporting injured or ill animals (Bearzi et al., 2018; Brown et. al., 1966; 
Cockcroft & Sauer, 1990; Connor & Norris, 1982; Kuczaj et al., 2015; Park et al., 2013; 
Pilleri, 1984; Wells, 1991; Whitehead, 1996). Dolphins emit distress calls (Lilly, 1963) and 
the emission of these calls has been reported to elicit epimeletic behavior in other members of 
the social group (Kuczaj et al., 2015). Vocalizations of distressed dolphins during these hunts 
can have a psychological and physiological impact on other individuals in the group.  
This high level of social awareness in both adult and young dolphins supports the 
view that the chase, encirclement, capture and removal of individuals from their social groups 
can have both negative psychological and social impacts. During the hunt process, dolphins 
are in close proximity to each other when individuals are removed from the group or killed. 
Individuals held for selection or slaughter are likely to be in a state of extreme anxiety, when 
they experience and witness the capture and killing of others individuals to whom they may 
be related or share close social bonds (Butterworth et al., 2013).   
The prolonged chasing and capture of dolphins harms not only the individual 
captured, but can negatively impact the social group and threaten populations and the marine 
ecosystem (Reeves, Smith, Crespo, & Notarbartolo di Sciara, 2003). The capture of even a 
few animals may result in the death or injury of many more, since capture involves intensive 
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harassment of dolphin groups. The removal of individuals that model important behavior and 
transmit specific information within the social group (e.g., caring for young, demonstrating 
foraging techniques, or locating critical feeding habitats) may have a negative impact on 
populations. The transmission of information between generations is beginning to be 
recognised as non-human culture (Lusseau & Newman, 2004; Wells, 2003; Whitehead et al., 
2004; Whitehead, 2011; Whitehead & Rendell, 2015; Williams & Lusseau, 2006).  
Noren & Edwards (2007) note the significant potential for mother-calf separation, and 
eventual calf mortality, resulting from chase and encirclement associated with the tuna purse-
seine fishery. In these fisheries, dolphins are often chased, encircled and entangled in nets 
during the course of fishing operations.  During fishery evasion, the potential for unobserved 
calf mortality is quite high if calves are not reunited promptly with their mother.  Beyond 
direct injury and physical separation, even if young calves and neonates are reunited with 
their mothers during fishing operations, they may also be affected by an influx of stress 
hormones delivered through the mothers’ milk in response to this intermittent but severe 
experience. The resulting impact on young dolphins could be amplified due to their own 
immature nervous systems (Noren & Edwards, 2007). Wright et al. (2007) note that “these 
excessive stress-chemical loads have the potential for generating both acute neurological 
damage and long-lasting neurological re-programming in any nursing calves in evasion of a 
tuna purse-seine set in the ETP.” (p. 286).   
Thus, drive-type hunts and procedures involving chase and encirclement have a great 
capacity to disrupt social structures and severely impact social groups and populations 
(Edwards, 2002a; Edwards 2002b; Scillitani, Monaco, & Toso, 2010).  Disruption to social 
structures may have conservation implications in excess of the number of individuals 
removed. For example, Frère et al. (2010) examined genetic and social effects on female 
calving success (a partial measure of fitness) in bottlenose dolphins. They determined that 
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both genetic and social factors contribute to variation in individual fitness related to female 
calving success and suggest that the influence of social relationships between females is 
consistent with either the social transmission of reproductive prowess, or with a type of 
homophily in which females with calves associate with other females with calves, thus 
demonstrating the importance of social relationships to sustainability. 
Behavioral and physiological impacts 
 In reviewing available research on behavioral and physiological impacts of chase and 
hunt activity on both terrestrial and marine mammals, there is a relative lack of literature on 
the behavioral and physiological impacts of chase, herding and capture of cetaceans when 
compared to this area of scientific inquiry in other terrestrial species.   
Behavioral responses to stressors can be assessed, but only when individual animals 
can be observed (Eskesen et al., 2009). During the dolphin drives hunters often actively 
prevent observation by outsiders. Despite this, the acquisition of investigative video has 
enabled analysis and documented escape and avoidance behaviors which take place during 
the chase, herding, separation and collection of individuals during the hunt process 
(Butterworth et al., 2013).  
There are multiple influences on the behavioral responses of the driven animals - 
including vessel speed, the ‘intensity’ of the sound, the water depth and bathymetry of the 
ocean, the age, sex and ‘experience’ of the animal, size and composition of the social 
group—all of which influence stress responses (Kastelein et al., 2000; St. Aubin & Dierauf, 
2001; Williams et al., 2017). Social instability, changes in respiratory rate, dive patterns, 
changed posture, and altered vocalizations are short-term responses to stress in cetaceans 
(Frohoff, 2004; Waples & Gales, 2002). Behavioral changes resulting from stress or ‘distress’ 
increase vulnerability and risk of predation, and some species may mask such behaviors to 
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reduce ‘vulnerability’ (Broom, 1991; Esch et al., 2009; Frohoff, 2004; Lusseau, 2003; Pollard 
et al., 1993; Waples & Gales, 2002).   
A stressor can be physical or psychological, and an organism’s response can be acute 
or chronic. It is understood that mammalian responses have a common neurochemical 
pathway (Romano et al., 2002; Sapolsky, 1992). When stressed, the hypothalamic-pituitary-
adrenal (HPA) axis is stimulated and corticotropin releasing factor (CRF) triggers release of 
the adreno-corticotropin (ACT) from the pituitary. This in turn induces the secretion of 
hormones known as adrenocorticoids (glucocorticoids and mineralocorticoids). Although 
cortisol is the primary glucocorticoid hormone released by this process in most mammals, the 
presence of corticosterone in adrenocortical tissue has been reported in cetaceans 
(Carballeira, Brown, Fishman, Trujillo, & Odell, 1987). Glucocorticoids and catecholamines 
(epinephrine and norepinephrine) cause changes in organ function which include altered rates 
of gluconeogenesis, and increased heart rate, which contribute to preparedness for ‘fight or 
flight’ and alterations in the production and release of white blood cells (Guyton & Hall, 
2000; Landsberg & Young, 1978; Randall, Burggren, & French, 2002).  The effects of 
cortisol in the animal can be variable, dependent on the context for the animal, including the 
timing of the stressor, reproductive cyclicity and seasonality (Dobson et al., 2000; Bechshoft 
et al., 2013), and social and environmental circumstances (Schmitt et al., 2010). The ‘pattern’ 
of glucocorticoid hormone release may be as important as the amount of hormone released, 
as the biological effects of the hormones response may take time, and result from hormone 
receptor interactions which occur across the sometimes-prolonged time duration of the stress 
response (Laugero, Bell, Bhatnagar, Soriano, & Dallman, 2001; Sheriff, Dantzer, Delehanty, 
Palme, & Boonstra, 2011).  
The effects of glucocorticoids such as cortisol and corticosterone are to generate 
physiological, behavioral and even anatomical responses to stressors, to affect the 
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endocrinology of the reproductive system, to control energy metabolism, and to impact 
growth and development in the young animal. Glucocorticoids have been used as indicators 
of stress responses for a wide range of mammals (Sheriff et al., 2011; Atkinson et al., 2015) 
and has been collected and analyzed from a variety of tissue and biological materials 
including blood, urine, faeces and hair (Macbeth et al., 2012) in terrestrial mammals, and 
from blood, muscle, blubber (Trana et al., 2015; Kellar et al., 2015), faeces (Palme et al., 
2013) and from the liquid- cellular component of the blow (Thompson et al., 2014) in 
cetaceans. Glucocorticoid analyses, sometimes linked to analysis of behavioral change, have 
been used to increase understanding of the negative impact of human activity in a number of 
wild animal species, including: hair cortisol analysis for environmental stressors in deer 
(Caslini et al., 2016); for assessment of environmental change in polar bears (Weisser et al., 
2016); ‘landscape fear’ (human persecution) in brown bears (Stoen et al., 2015); capture and 
handling in brown bears (Cattet et al., 2014); the effects of human harassment in wolves 
(Bryan et al., 2015); the effects of poaching on elephants (Gobush et al., 2008); tourist 
pressures on Chamois (Zwijacz-Kozica et al., 2013); and culling and hunting methods in red 
deer (Cockram et al., 2011) and in other ungulates (Gentsch et al., 2018). 
In the absence of direct studies on the behavioral and stress physiology effects of 
hunting on cetacean species, it is possible to make inferences of the likely impacts of hunting 
activity from studies which have looked at non-hunting domains of cetacean-human 
interactions such as whale watching (Avila et al., 2015; Christiansen et al., 2013), or the 
impacts of anthropogenic sound (Ellison et al., 2012). In the case of hunted cetaceans, it is 
possible to make ‘informed inferences’ from studies carried out on terrestrial animals where 
they are hunted or subject to other stressors of human origin.   
In cetaceans, physiological impacts from chase and capture may be acute or chronic. 
Individuals may become entangled in the capture nets and suffocate or suffer fatal stress-
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related conditions associated with the trauma of capture (Curry, 1999; Schmitt, St. Aubin, 
Schaefer, & Dunn, 2010; St. Aubin & Geraci, 1988; Thompson & Geraci, 1986).  Mortality 
rates of captured bottlenose dolphins has been shown to increase six-fold immediately after 
capture and do not decrease to ‘normal’ levels for up to 45 days suggesting an acute 
physiological response to the event (Small & DeMaster, 1995). 
As well as glucocorticoid hormones circulating in blood and tissues, it is possible that 
stressors result in measurable changes in more structural cellular elements such as 
complementary DNA (cDNA). Mancia, Warr, and Chapman (2008) describe a cDNA 
microarray study, in which analysis of sequence tags (ESTs) which were isolated and 
sequenced, suggested that the stress response and immune function genes of the bottlenose 
dolphin could be altered by stressors. The immune system of cetaceans can also be 
compromised by the stress associated with capture and chase, and can lead to premature 
death (Romano et al., 2002). 
Capture myopathy 
During drive hunts, small cetaceans swim in ways that subject them to both acute, and 
more chronic prolonged stressors for which they are not well adapted. ‘Capture myopathy’ or 
‘exertional myopathy’ (EM) has been described in a number of species (Bateson & 
Bradshaw, 1997; Chivers & Myrick, 1991; Curry, 1999; Hartup, Kollias, Jacobsen, 
Valentine, & Kimber, 1999; Jarrett, Jennings, Murray, & Harthoorn, 1964; Maas, 2000; 
Maas, 2003; Myrick & Perkins, 1994). Exertional myopathy affects skeletal and cardiac 
muscle, resulting in muscle necrosis (death of muscle fibers), mitochondrial damage, altered 
polysaccharide storage in the muscle, and destruction of striated skeletal muscle (Aleman, 
2008). 
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Stress-response blood biochemical profiles observed in offshore spotted and spinner 
dolphins revealed the presence of acute stress-responses in chased and captured dolphins 
which include cardiac lesions and other tissue damage (Forney, St. Aubin, & Chivers, 2002). 
During chase and capture of other hunted species (e.g., deer), disruption of muscle tissue, 
elevated secretion of endorphins, and high concentrations of cortisol are all typically 
associated with extreme physiological and psychological stress (Bateson & Bradshaw, 1997).  
Exertional myopathy stemming from the stress and trauma of chase and capture is associated 
with a release of high levels of creatine kinase, serum aspartate, and other enzymes resulting 
from the degradation of cardiac and other muscle tissue which can result in compromised 
health and even death (Broom & Johnson, 1993; Cattet, Stenhouse, & Bollinge, 2008; Fair & 
Becker, 2000; Maas, 2003; Myrick & Perkins, 1994; St. Aubin, 2002; St. Aubin et al., 2013). 
Exertion associated with hunting red deer (Cervus elaphus) resulted in severe 
physiological disturbances in the animals, and many of the changes appeared seriously 
maladaptive (Bateson & Bradshaw, 1997). The deer, in many cases, had been pushed beyond 
limits for which they were physically prepared when subjected to prolonged chases. Lesions 
consistent with exertional myopathy were documented after postmortems of North American 
river otters (Lutra canadensis) which had been caught and then translocated (Hartup et al., 
1999).  Results showed that 28% of the otters, which were captured and transported over long 
distances, and then subjected to a brief period of captivity before release, had abnormal 
elevations in serum enzymes consistent with myopathy. Exertional myopathy has also been 
described in captured grizzly bears (Ursus arctos) following capture using leg-hold snares in 
Canada (Cattet et al., 2008). In a number of non-cetacean species, capture myopathy has 
resulted in death after exertion from complicating factors such as heart failure or partial or 
complete paralysis (Bartsch, McConnell, Imes, & Schmidt, 1977; Beringer, Hansen, Wilding, 
Fischer, & Sheriff, 1996; Curry, 1999). In cetaceans, capture myopathy (Spraker, 1993), 
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stress cardiomyopathy (Cebelin & Hirsch, 1980; Colgrove, 1978) and contraction band 
necrosis, a form of necrosis in cardiac myocytes associated with acute cellular damage 
(Turnbull & Cowan, 1998), have all been linked to events including capture, transportation, 
violent assault on cetaceans by humans, and beach stranding in cetaceans.  
Many of the scientific findings regarding the physiological impacts associated with 
chase and encirclement are based on studies conducted as part of a larger research program 
mandated under the 1997 International Dolphin Conservation Program Act (IDCPA) of the 
US Marine Mammal Protection Act which have investigated whether the eastern tropical 
Pacific tuna fishery negatively impacted dolphin stocks. These studies were known 
collectively as the Chase Encirclement Stress Studies (CHESS) (Forney et al., 2002), and 
evaluated the degree of acute (i.e., rapid onset, short duration) physiological stress 
represented by single chase and capture events on cetaceans in the tuna purse seine fishery 
(Westgate et al., 2007).  
The findings of the CHESS and other marine and non-marine mammal studies suggest 
that chase and encirclement of dolphins results in measurable, and relatively consistent stress 
responses, in addition to other impacts including physical injury, separation of mothers and 
calves, and impaired reproductive success (Cramer, Perryman, & Gerrodette, 2008; Edwards, 
2006; Matsuda et al., 1996; Noren & Edwards, 2007; St. Aubin et al., 2013). Elevated blood 
cortisol levels, raised ACTH and catecholamine levels, some elevation of enzymes released 
from muscle following exertion, and altered white blood cell changes (a shift in the balance 
of white cell types and an overall net increase in white cell count, the “stress leucogram”) are 
also reported in the CHESS studies (St. Aubin, 2002).  
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Conclusion 
There is compelling scientific evidence that the process of chase and capture is 
inhumane. Based on a review of the available scientific data, we contend that the process of 
drive hunts involving chase, encirclement, and live capture of cetaceans results in physical 
injury, and physiological and socio-psychological stress which can have enduring negative 
impacts for individuals and populations. Informed by the CHESS studies, it is our contention 
that drive hunts, including the chase, subsequent corralling, and handling and selection can 
have profound negative effects on cetaceans. Based on current knowledge of these animals 
and the high probability for injury and suffering resulting from pursuit, chase and herding, the 
authors assert that the drive hunt method cannot be conducted in a humane manner and 
should be abandoned.   
Remarkably, the potential negative impacts of the chase and herding aspects of the 
drive hunts are absent from policy discussions relating to the methods used to collect 
dolphins from the wild for marine parks or aquaria. There is a striking disparity between the 
information we have reviewed in this paper and policymaking decisions regarding the 
hunting and collection of small cetaceans in general.  Noting that advancements in animal 
welfare policy in modern zoological institutions are science-based, we encourage zoological 
institutions to acknowledge the adverse impacts of chase and capture on individuals and 
populations of delphinid species during acquisition from the wild.  We argue that based upon 
the evidence provided herein, the live collection of any cetaceans from the wild should be 
discontinued, or at least reconsidered.  
Supplementary videos (S1 and S2) 
Contact first or corresponding author for videos at: courtney@lightkeepersfoundation.com, or 
Diana Reiss, dlr28@columbia.edu  
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
21 
References 
Akamatsu, T., Hatakeyama, Y., & Takatsu, N. (1993). Effects of pulse sounds on escape
 behaviour of false killer whales. Nippon Suisan Gakkaishi, Bulletin of the Japanese
 Society of Scientific Fisheries, 59(8), 1297-303. 
Aleman, M. (2008). A review of equine muscle disorders. Neuromuscular Disorders, 18, 
 277-287. 
Atkinson, S., Crocker, D., Houser, D., & Mashburn, K. (2015). Stress physiology in marine
 mammals: how well do they fit the terrestrial model? Journal of Comparative
 Physiology B: Biochemical, Systemic, and Environmental Physiology, 185, 463–486.  
Avila, I. C., Correa, L. M., & Parsons, E. C. M. (2015). Whale‐watching activity in Bahía
 Málaga, on the Pacific Coast of Colombia, and its effect on humpback whale
 (Megaptera novaeangliae) behavior. Tourism in Marine Environments, 11, 19–32. 
Bartsch, R. C., McConnell, E. E., Imes, G. D., & Schmidt, J. M. (1977). A review of
 exertional rhabdomyolysis in wild and domestic animals and man. Veterinary
 Pathology, 14, 314-0324. 
Bateson, P., & Bradshaw E. L.  (1997). Physiological effects of hunting red deer (Cervus 
elaphus). Proceedings of the Royal Society of London B, 264, 1707-1714. 
Bearzi, G., Kerem, D., Furey, N. B., Pitman, R. L., Rendell, L., & Reeves, R.R. (2018).
 Whale and dolphin behavioural responses to dead conspecifics. Zoology, 128, 1-15. 
Bechshoft, T.O., Sonne, C., Riget, F.F., Letcher, R.J., Novak, M.A., Henchey, E., Meyer,
 J.S., Eulaers, I., Jaspers, V.L.B., Covaci, A., & Dietz, R. (2013). Polar bear stress
 hormone cortisol fluctuates with the North Atlantic Oscillation climate index. Polar
 Biology, 36, 1525–1529.  
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
22 
Beringer, J., Hansen, L. P., Wilding, W., Fischer, J., & Sheriff, S. L. (1996). Factors affecting
 capture myopathy in white- tailed deer. Journal of Wildlife Management, 60, 37
 380. 
Broom, D. M. (1991). Animal welfare: Concepts and measurements. Journal of Animal
 Science, 69, 4167-4175. 
Broom, D. M., & Johnson, K. G. (1993). Stress and animal welfare. London: Chapman &
 Hall. 
Brown, D. H., Caldwell, D. K., & Caldwell, M. C. (1966). Observations on the behavior of
 wild and captive false killer whales with notes on associated behavior of other genera
 of captive delphinids. Los Angeles County Museum Contributions in Science, 95, 1-
 32. 
Brownell, R. L., Nowacek, D. P., & Ralls, K. (2008).  Hunting cetaceans with sound: a
 worldwide review Journal of Cetacean Research and Management, 10(1), 81–88. 
Bryan, H. M., Smits, J. E. G., Koren, L., Paquet, P., Wynne-Edwards, K. E., & Musiani.
 (2015). Wolves that are heavily hunted have higher stress and reproductive hormones
 than wolves with lower hunting pressure. Functional Ecology, 29(3), 347-356    
Butterworth, A., Brakes, P., Vail, C. S., & Reiss, D. (2013). A veterinary and behavioral
 analysis of dolphin killing methods currently used in the "drive hunt" in Taiji, Japan.
 Journal of Applied Animal Welfare Science, 16(2), 184-204. 
Carballeira, A., Brown, J. W., Fishman, L. M., Trujillo, D., & Odell, D. K. (1987). The
 adrenal gland of stranded whales (Kogia breviceps and Mesoplodon europaeus):
 Morphology, hormonal contents, and biosynthesis of corticosteroids. General and
 Comparative Endocrinology, 68(2), 293-303.  
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
23 
Caslini, C., Comin, A., Peric, T., Prandi, A., Pedrotti, L., & Mattiello, S. (2016). Use of hair
 cortisol analysis for comparing population status in wild red deer (Cervus elaphus)
 living in areas with different characteristics. European Journal of Wildlife Research,
 62, 713.  
Castellini, M. A., Davis, R. W., & Kooyman, G. L. (1988). Blood chemistry regulation
 during repetitive diving in Weddell seals. Physiological and Biochemical Zoology,
 61(5), 379-386. 
Cattet, M., Stenhouse, G., & Bollinge, T. (2008). Exertional myopathy in a Grizzly Bear 
(Ursus arctos) captured by leghold snare. Journal of Wildlife Diseases, 44(4), 
 973–978. 
Cattet, M., Macbeth, B. J., Janz, D. M., Zedrosser, A., Swenson, J. E., Dumond, M., &
 Stenhouse, G. B. (2014). Quantifying long-term stress in brown bears with the hair
 cortisol concentration: A biomarker that may be confounded by rapid changes in
 response to capture and handling. Conservation Physiology, 2, 1–15.  
Cebelin, M. S., & Hirsch, C. S. (1980). Human stress cardiomyopathy. Human Pathology, 
11(2), 123-132. 
Chivers, S. J., & Myrick, A. C. (1991). Comparison of age at sexual maturity and other
 reproductive parameters for two stocks of spotted dolphins, Stenella attenuata.
 Fishery Bulletin, 91, 611-618. 
Christiansen, F., Rasmussen, M. H., & Lusseau, D. (2013). Whale watching disrupts
 feeding activities of minke whales on a feeding ground. Marine Ecology Progress
 Series, 478, 239-251. 
Cockcroft, V. G., & Sauer, W. (1990). Observed and inferred epimeletic (nurturant) behavior
 in bottlenose dolphins. Aquatic Mammals, 16.1, 31-32. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
24 
Cockram, M. S., Shaw, D. J., Milne, E., Bryce, R., McClean, C., & Daniels, M. J. (2011).
 Comparison of effects of different methods of culling red deer (Cervus elaphus) by
 shooting on behaviour and post mortem measurements of blood chemistry, muscle
 glycogen and carcase characteristics. Animal Welfare, 20(2), 211–224. 
Colgrove, G. S., (1978). Suspected transportation-associated myopathy in a dolphin. Journal
 of the American Veterinary Medical Association, 173(9), 1121-1123. 
Connor, R. C., & Norris, K. S. (1982). Are dolphins reciprocal altruists? The American
 Naturalist, 119, 358-374. 
Connor, R. C., Read, A. J., & Wrangham, R. (2000). Male reproductive strategies and social
 bonds. In J. Mann, R.C. Connor, P.J. Tyack, & H. Whitehead (Eds.), Cetacean
 Societies: Field Studies of Dolphins and Whales (pp. 247-269). Chicago, Illinois:
 University of Chicago Press. 
Connor, R. C., Watson-Capps, J. J., Sherwin, W. B., & Krützen, M. (2011). A new level of 
complexity in the male alliance networks of Indian Ocean bottlenose dolphins 
(Tursiops sp.). Biology Letters, 7(4), 623-626. 
Connor, R.C., & Krützen, M. (2015). Male dolphin alliances in Shark Bay: Changing
 perspectives in a 30-year study. Animal Behaviour, 103, 223-235. DOI:
 10.1016/j.anbehav.2015.02.019 
Cramer, K. L., Perryman, W. L., & Gerrodette, T. (2008). Declines in reproductive output in
 two dolphin populations depleted by the yellowfin tuna purse-seine fishery. Marine
 Ecology Progress Series, 369, 273-285. 
Curry, B. (1999). Stress in mammals: The potential influence of fishery-induced stress on 
dolphins in the eastern tropical Pacific Ocean. Report to Congress, U.S. Department 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
25 
of Commerce NOAA Technical Memo 260, pp. 1-56. 
Dobson, H., & Smith, R.F. (2000). What is stress, and how does it affect reproduction?
 Animal Reproductive Science, 60, 743–752.  
Eckert, S. A., Eckert, K. L., Ponganis, P., & Kooyman, G. L. (1989). Diving and foraging 
behavior of leatherback sea turtles (Dermochelys coriacea). Canadian Journal of 
Zoology, 67, 2834-2840. 
Edwards, E. F. (2002a). Energetics consequences of chase by tuna purse-seiners for spotted 
dolphins (Stenella attenuata) in the Eastern Tropical Pacific Ocean. Southwest 
Fisheries Science Center, La Jolla, CA 92037. 
Edwards, E. F. (2002b). Behavioral contributions to separation and subsequent mortality of 
dolphin calves chased by tuna purse-seiners in the eastern tropical Pacific Ocean.  
Southwest Fisheries Science Center.  La Jolla, CA 92037 
Edwards, E. F. (2006). Duration of unassisted swimming activity for spotted dolphin
 (Stenella attenuata) calves: implications for mother-calf separation during tuna
 purse-seine sets. Fishery Bulletin, 104, 125–135. 
Ellison, W. T., Southall, B. L., Clark, C. W., & Frankel, A. S. (2012). A new context‐based
 approach to assess marine mammal behavioral responses to anthropogenic sounds.
 Conservation Biology, 26, 21–28. 
Esch, C. H., Sayigh, L. S., Blum, J. E., & Wells, R. S. (2009). Whistles as potential indicators
 of stress in bottlenose dolphins (Tursiops truncatus). Journal of Mammalogy, 90(3),
 638-650. 
Eskesen, I. G., Teilmann, J., Geertsen, B. M., Desportes, G., Riget, F., Dietz, R., & Larsen, L. 
(2009). Stress level in wild harbour porpoises (Phocoena phocoena) during satellite 
tagging measured by respiration, heart rate and cortisol. Journal of the Marine 
Biological Association of the United Kingdom. 89(5), 885–892. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
26 
doi:10.1017/S0025315408003159  
Fair, P. A., & Becker, P. R. (2000). Review of stress in marine mammals. Journal of Aquatic 
Ecosystem Stress and Recovery, 7, 335-354. 
Finneran, J. J. (2015). Noise-induced hearing loss in marine mammals:  A review of 
temporary threshold shift studies from 1996 to 2015. The Journal of the Acoustical 
Society of America, 138, 1702. 
Forney, K. A., St. Aubin, D. J., & Chivers, S. J. (2002). Chase encirclement stress studies on 
Dolphins involved in eastern tropical Pacific Ocean purse seine operations during 
2001 (Southwest Fisheries Science Center Administrative Report). La Jolla, CA: 
National Marine Fisheries Service. 
Frère, C. H., Krützen, M., Mann, J., Connor, R. C., Bejder, L., & Sherwin, W.B. (2010). 
 Social and genetic interactions drive fitness variation in a free-living dolphin
 population. Proceedings of the National Academy of Sciences of the United Stated of
 America, 107(46), 19949–19954.  
Frohoff, T. G. (2004). Stress in dolphins. In M. Beckoff (Ed.) Encyclopedia of animal
 behavior (pp. 1158-1164). Westport, CT: Greenwood  Press.  
Gentsch, R. P., Kjellander, P., & Röken, B. O. (2018). Cortisol response of wild ungulates to
 trauma situations: Hunting is not necessarily the worst stressor. European Journal of
 Wildlife Research, 64, 11. 
Gibson, Q. A., & Mann, J. (2008). Early social development in wild bottlenose dolphins: sex 
differences, individual variation and maternal influence. Journal of Animal 
Behaviour, 76, 375-387. 
Gobush, K. S., Mutayoba, B. M., & Wasser, S. K. (2008).  Long term impacts of poaching on
 relatedness, stress physiology, and reproductive output of adult female African
 elephants. Conservation Biology, 22, 1590–1599. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
27 
Guyton, A., & Hall, J. (2000). Energetics and metabolic rate. In A.C. Guyton, & J. E. Hall
 (Eds.), Textbook of Medical Physiology (pp. 859-863). Philadelphia, PA: Saunders. 
Hartup, B. K., Kollias, G. V., Jacobsen, M. C., Valentine, B. A., & Kimber, K. R. (1999).
 Exertional Myopathy in Translocated River Otters from New York. Journal of
 Wildlife Diseases, 35(3), 542-547.  
Herman, L. M., Richards, D. G., Wolz, J. P. (1984). Comprehension of sentences by 
bottlenosed dolphins. Cognition, 16, 129–219. 
Herman, L. H. (2002). Vocal, social, and self-imitation by bottlenosed dolphins. In K. 
Dautenhahn &, C. L. Nehaniv (Eds.), Complex adaptive systems. Imitation in animals 
and artifacts (pp. 63-108). Cambridge, MA: MIT Press. 
Hiroyuki, M. (2011). A case study of small scale coastal whaling of actual use, Wakayama
 Prefecture Taiji (Whales: resources for transformation).  In Anthropology of the
 marine environment conservation. National Museum of Ethnology Survey Report 97:
 237Q267, Endo Aiko Ocean Policy Research Foundation policy research group.  
Jarrett, W. F. H., Jennings, F. W., Murray, M., & Harthoorn, A. M. (1964). Muscular
 dystrophy in a wild Hunter’s antelope. East African Wildlife Journal, 2, 158-159.   
Kasuya, T. (2002). Japanese whaling. In W. F. Perrin, B. Wursig, & J. G. M. Thewissen
 (Eds.), Encyclopedia of Marine Mammals (pp. 655-662). San Diego, CA: Academic
 Press. 
Kasuya, T. (2007) Japanese whaling and other cetacean fisheries. Environmental Science and
 Pollution Research, 14(1), 39-48. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
28 
Kellar, N. M., Catelani, K. N., Robbins, M. N., Trego, M. L., Allen, C. D., Danil, K., &
 Chivers, S. J. (2015). Blubber cortisol: a potential tool for assessing stress response in
 free-ranging dolphins without effects due to sampling. PLoS ONE, 10, e0115257. doi:
 10.1371/journal.pone.0115257. PMID: 25643144. 
Ketten, D. R. (2016). Marine Mammal Auditory System Noise Impacts: Evidence and 
 Incidence. In A.N. Popper & A. Hawkins (Eds.), The Effects of Noise on Aquatic 
 Life. Advances in Experimental Medicine and Biology (pp. 207-212). New York,
 NY: Springer. 
Krützen, M., Mann, J., Heithaus, M. R., Connor, R. C., Bejder, L., Sherwin, W. B. (2005). 
Cultural transmission of tool use in bottlenose dolphins. Proceedings of the National 
Academy of Sciences, 102 (25), 8939-8943.  
Kuczaj, S. A., Frick, E. E., Jones, B. L., Lea, J. S. E; Beecham, D., & Schnoller, F. (2015).
 Underwater observations of dolphin reactions to a distressed conspecific. Learning &
 Behavior, 43(3), 289-300. 
Landsberg, L., & Young, J. B. (1978). Fasting, feeding and regulation of the sympathetic
 nervous system. The New England Journal of Medicine, 298, 1295-1301. 
Laugero, K. D., Bell, M. E., Bhatnagar, L., Soriano, M., & Dallman, M. F. (2001). Sucrose
 ingestion normalizes central expression of corticotropin-releasing-factor messenger
 ribonucleic acid and energy balance in adrenalectomized rats: A glucocorticoid
 metabolic-brain axis? Endocrinology, 142(7), 2796-2804.  
Lilly, J. C. (1963). Distress call of the bottlenose dolphin: stimuli and evoked behavior
 responses. Science, 139(3550), 116-8. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
29 
Lusseau, D. (2003). Effects of tour boats on the behaviour of bottlenose dolphins: Using
 Markov chains to model anthropogenic impacts. Conservation Biology, 17(6), 1785
 1793. 
Lusseau, D., & Newman, M. E. J. (2004). Identifying the role that animals play in their social
 networks. Proceedings of the Royal Society B: Biological Sciences, Biology Letters
 (Supplement 6), 271, S477-S481. 
Maas, B. (2000). Prepared and shipped: A multidisciplinary review of the effects of capture, 
handling, housing and transport on morbidity and mortality. A Report for the RSPCA, 
55pp. 
Maas, B. (2003). The potential stress effects of whaling operations and the welfare
 implications for hunted cetaceans. IWC/55/WK19. 
Macbeth, B. J., Cattet, M. R. L., Obbard, M. E., Middel, K., & Janz, D. M. (2012).
 Evaluation of hair cortisol concentration as a biomarker of long-term stress in free
 ranging polar bears. Wildlife Society Bulletin, 36, 747–758. 
Mancia, A., Warr, G. W., & Chapman, R. W. (2008). A transcriptomic analysis of the stress
 induced by capture–release health assessment studies in wild dolphins (Tursiops
 truncatus). Molecular Ecology, 17, 2581–2589. 
Mann, J., & Singh, L.O. (2015). Culture, diffusion, and networks in social animals. In R.
 Scott, & S. Kosslyn (Eds.), Emerging Trends in the Social and Behavioral Sciences
 (pp. 1-16). Hoboken, NJ: John Wiley & Sons. 
Mann, J., & Smuts, B. (1999). Behavioral development in wild bottlenose dolphin newborns
 (Tursiops sp.). Behaviour, 136, 529-566. 
Marino, L. M., Connor, R. C., Fordyce, E., Herman, L. M., Hof, P. R., Lefebvre, L., Lusseau,
 D., McCowan, B., Nimchinsky, E. A., Pack, A. A., Rendell, L., Reidenberg, J. S.,
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
30 
 Reiss, D., Uhen, M. D., Van der Gucht, E., & Whitehead, H. (2007). Cetaceans have
 complex brains for complex cognition. PLoS Biology, 5(5), 996-991. 
Matsuda, D. M., Bellem, A. C., Gartley, C. J., Madison, V., King, W. A., Liptrap, R. M. &
 Goodrowe, K. L. (1996). Endocrine and behavioral events of estrous cyclicity and
 synchronization in wood bison (Bison bison athabascae). Theriogenology, 45(8),
 1429-1441. 
McCowan, B., & Reiss, D. (1995). Whistle contour development in captive-born infant
 bottlenose dolphins: Role of learning. Journal of Comparative Psychology, 109(3),
 242-260. 
Morrison, R., & Reiss, D. (2018). Precocious development of self-awareness in dolphins.
 PLoS ONE, 13(1), e0189813. Available at
 https://doi.org/10.1371/journal.pone.0189813 
Myrick, A. C. & Perkins, P. C. (1994). Adrenocortical color and correlates as indicators of
 continuous acute stress before death in force-chased and purse-seined dolphins.
 Pathophysiology, 1, 390. 
Noren, S. R., & Edwards, E. F. (2007). Physiological and behavioral development in
 delphinid calves: Implications for calf separation and mortality due to tuna purse
 seine nets. Marine Mammal Science, 23(1), 15-29. 
Noren, S. R. (2008). Infant carrying behaviour in dolphins: costly parental care in an aquatic
 environment. Functional Ecology, 22(2), 284–288. 
Nowacek, D. P., Thorne, L. H., Johnston, D. W., & Tyack, P. L. (2007). Responses of
 cetaceans to anthropogenic noise. Mammal Review, 37, 81–115. doi:10.1111/j.1365
 2907.2007.00104.x 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
31 
Ohsumi, S. (1972). Catch of marine mammals, mainly of small cetaceans by local fisheries
 along the coast of Japan. Bulletin Far Seas Fisheries Research Laboratory, 7, 137-66.  
Palme, R., Touma, C., Arias, N., Dominchin, M. F., & Lepschy, M. (2013). Steroid
 extraction: Get the best out of faecal samples. Wiener Tierarztiche Monatsschrift, 100,
 238–246. 
Park, K. J., Sohn, H., An, Y. R., Moon, D.Y., Choi, S.G., & An, D. H. (2013). An unusual
 case of care-giving behavior in wild long-beaked common dolphins (Delphinus
 capensis) in the East Sea. Marine Mammal Science, 29, 508–514.  
Pilleri, G. (1984). Epimeletic behavior in cetacea: Intelligent or instinctive. Investigations on
 Cetacea, 16, 30-48. 
Pollard, J. C., Littlejohn, R. P., & Suttie, J. M. (1993). Effects of isolation and mixing of
 social groups on heart rate and behaviour of red deer stags.  Applied Animal
 Behavioral Science, 38, 311–322. 
Randall, D., Burggren, W., & French, K. (2002). Physiology: Mechanisms and Adaptations.
 New York: W. H. Freeman and Company. 
Reeves, R. R., Smith, B. D., Crespo, E. A., & Notarbartolo di Sciara, G. (compilers). (2003).
 Dolphins, Whales and Porpoises: 2002-2010 Conservation Action Plan for the
 World’s Cetaceans. Gland, Switzerland and Cambridge, UK:  IUCN/SSC Cetacean
 Specialist Group. Available at http://app.iucn.org/dbtw-wpd/edocs/2003-009.pdf      
Reiss, D., & Marino, L. (2001). Mirror self-recognition in the bottlenose dolphin: A case of
 cognitive convergence. Proceedings of the National Academy of Sciences, 98(10),
 5937-5942.  
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
32 
Reiss, D. and McCowan, B. (1993). Spontaneous vocal mimicry and production by bottlenose 
dolphins (Tursiops truncatus): Evidence for vocal learning. Journal of Comparative 
Psychology 107(3), 301-312.   
Richardson, W. J., & Wursig, B. (1997). Influences of man-made noise and other human
 actions on cetacean behaviour. Marine and Freshwater Behavior and Physiology,
 29(1-4), 183-209. 
Romano, T. A., Felten, D. L., Stevens, S. Y., Olschowka, J. A., Quaranta, V., & Ridgway, S.
 (2002). Immune response, stress, and environment: Implications for cetaceans. In C.
 J. Pfeiffer (Ed.), Molecular and cell biology of marine mammals (pp. 253-279),
 Malabar, Florida: Krieger Publishing Company.  
Romano, T. A., Keogh, M. J., Kelly, C., Feng, P., Berk, L., Schlundt, C. E., Carder, D. A., &
 Finneran, J. J. (2004). Anthropogenic sound and marine mammal health: measures of
 the nervous and immune systems before and after intense sound exposure. Canadian
 Journal of Fisheries and Aquatic Sciences, 61, 1123-1134. 
Sapolsky, R. M. (1992). Stress, the aging brain, and the mechanisms of neuron death.
 Cambridge, MA: The MIT Press. 
Schmitt, T. L., St. Aubin, D. J., Schaefer, A. M., & Dunn, J. L. (2010). Baseline, diurnal
 variations, and stress-induced changes of stress hormones in three captive beluga
 whales, Delphinapterus leucas. Marine Mammal Science, 26(3), 635-647. 
Scillitani, L., Monaco, A., & Toso, S. (2010). Do intensive drive hunts affect wild boar (Sus
 scrofa) spatial behaviour in Italy? Some evidences and management implications.
 European Journal of Wildlife Research, 56(3), 307-318. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
33 
Sheriff, M. J., Dantzer, B., Delehanty, B., Palme, R., & Boonstra, R. (2011). Measuring stress
 in wildlife: techniques for quantifying glucocorticoids. Oecologia, 166(4), 869-887. 
Shimshony, A., & Chaudry, M. M. (2005). Slaughter of animals for human consumption.
 Scientific and Technical Review of the Office International des Epizooties, 24(2), 693
 710. 
Small, R., & DeMaster, D. P. (1995). Acclimation to captivity: a quantitative estimate based
 on survival of bottlenose dolphins and California sea lions. Marine Mammal Science,
 11, 510-519. 
Smith, J. D., Schull, J., Strote, J., McGee K., Egnor, R. & Erb, L. (1995) The uncertain 
response in the bottlenose dolphin (Tursiops truncatus). Journal of Experimental 
Psychology: General, 124, 391–408. 
Spraker, T. R. (1993). Stress and capture myopathy in artiodactyls. In M. E. Fowler (Ed.), 
 Zoo and Wild Animal Medicine (pp. 481-488). Philadelphia, PA: W. B. Saunders. 
St. Aubin, D. J., & Geraci, J. R. (1988). Capture and handling stress suppresses circulating
 levels of thyroxine (T4) and Triiodothyronine (T3) in beluga whales, Delphinapterus
 leucas. Physiological Zoology, 61, 170-175.  
St. Aubin, D. J., Forney, K. A., Chivers, S. J., Scott, M. D., Danil, K., Romano, T. A., Wells,
 R. S., & Gulland, F. M. D. (2013). Hematological, serum chemistry, and plasma
 chemical constituents in pantropical spotted dolphins (Stenella attenuata) following
 chase, encirclement, and tagging. Marine Mammal Science, 29(1), 14–35. 
St. Aubin, D. J., & Dierauf, L. A. (2001). Stress in marine mammals. In L.A. Dierauf, F. M.,
 & D. Gulland (Eds.), CRC Handbook of Marine Mammal Medicine (pp. 253-270).
 Boca Raton, Florida:  CRC Press. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
34 
St. Aubin, D. J. (2002). Hematological and serum chemical constituents in eastern spotted
 dolphins (Stenella attenuata) following chase and encirclement.  Southwest Fisheries
 Science Center, La Jolla, CA 92037. 
Stoen, O., Ordiz, A., Evans, Alina, L.,  Laske, T. G., Kindberg, J., Frobert, O., Swenson, J.
 E., & Arnemo, J. M.(2015) Physiological evidence for a human induced landscape
 of fear in brown bears (Ursus arctos). Physiology & Behavior, 152, 244-248. 
Thomas, J. A., Kastelein, R. A., & Awbrey, F. T. (1990). Behavior and blood catecholamines
 of captive belugas during playbacks of noise from an oil drilling platform. Zoo
 Biology, 9, 393-402. 
Thompson, C. A., & Geraci, J. R. (1986). Cortisol, aldosterone, and leucocytes in the stress
 response of bottlenose dolphins, Tursiops truncatus. Canadian Journal of Fisheries
 and Aquatic Science, 43, 1010-1016. 
Thompson, L. A., Spoon, T. R., Goertz, C. E. C., Hobbs, R. C., & Romano, T. A. (2014).
 Blow collection as a non-invasive method for measuring cortisol in the beluga
 (Delphinapterus leucas). PLoS ONE, 9, 22.  
Trana, M. R., Roth, J. D., Tomy, G. T., Anderson, W. G., & Ferguson, S. H. (2015).
 Influence of sample degradation and tissue depth on blubber cortisol in beluga
 whales. Journal of Experimental Marine Biology and Ecology, 462, 8–13.  
Turnbull, B. S., & Cowan, D. F. (1988). Myocardial contraction band necrosis in stranded
 cetaceans. Journal of Comparative Pathology, 118, 317-327.   
Tyack, P. L. (2008). Implications for marine mammals of large-scale changes in the marine
 acoustic environment. Journal of Mammalogy, 89 (3), 549-558. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
35 
Tyack, P.L., and Clark, C.W. (2000). Communication and acoustic behavior of dolphins and
 whales. In W. Au, A.N. Popper, & R. Fay (Eds.), Hearing by whales and dolphins (pp.
 156-224). New York: Springer Handbook of Auditory Research Series, Springer
 Verlag. 
Waples, K. A., & Gales, N. J. (2002). Evaluating and minimizing social stress in the care of
 captive bottlenose dolphins (Tursiops truncatus). Zoobiology, 21(1), 5-26.  
Weilgart, L. S. (2007). A Brief Review of Known Effects of Noise on Marine Mammals.
 International Journal of Comparative Psychology, 20, 159-168.  
Weisser, J. J., Hansen, M., Björklund, E., Sonne, C., Dietz, R., & Styrishave, B. (2016). A
 novel method for analysing key corticosteroids in polar bear (Ursus maritimus) hair
 using liquid chromatography tandem mass spectrometry. Journal of Chromatography
 B, 1017–1018, 45–51.  
Wells, R. S. (1991).  Bringing up baby. Natural History, August, 56-62. 
Wells, R. S. (2003). Dolphin social complexity: Lessons from long-term study and life
 history. In F. B. M. de Waal, & P. L Tyack (Eds.), Animal Social Complexity:
 Intelligence, Culture, and Individualized Societies (pp. 32-56). Cambridge, 
 MA: Harvard University Press,  
Westgate, A. G., McLellan, W. A., Wells, R. S., Scott, M. D., Meagher, E. M., & Pabst, D.
 A. (2007). A new device to remotely measure heat flux and skin temperature from
 free-swimming dolphins. Journal of Experimental Marine Biology and Ecology, 346,
 45-59.  
Whitehead, H. (1996). Babysitting, dive synchrony, and indications of alloparental care in
 sperm whales. Behavioral Ecology and Sociobiology, 38, 237-244. 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
36 
Whitehead, H., Rendell, L., Osborne, R. W., & Würsig, B. (2004). Culture and conservation
 of non-humans with reference to whales and dolphins: Review and new directions in
 Biological Conservation, 120, 431-441. 
Whitehead, H. (2011). The cultures of whales and dolphins.  In P. Brakes & M. P. Simmonds
 (Eds.), Whales and Dolphins – Cognition, Culture, Conservation and Human
 Perceptions (pp. 149-165). London and Washington: Earthscan. 
Whitehead, H., & Rendell, L. (2015). The Cultural Lives of Whales and Dolphins. Chicago,
 Illinois: University of Chicago Press. 
Williams, R., & Lusseau, D. (2006). A killer whale social network is vulnerable to targeted
 removals. Biology Letters, 2, 497–500. 
Williams, T. M., Haun, J. E., & Friedl, W. A. (1999). The diving physiology of bottlenose
 dolphins (Tursiops truncatus). The Journal of Experimental Biology, 202, 2739-2748. 
Williams, T. M., Kendall, T. L., Richter, B. P., Ribeiro-French, C. R., John, J. S., Odell, K.
 L., Losch, B. A., Feuerbach, D. A., & Stamper, A. M. (2017). Swimming and diving
 energetics in dolphins: A stroke-by-stroke analysis for predicting the cost of flight
 responses in wild odontocetes. Journal of Experimental Biology, 220, 1135-1145. doi:
 10.1242/jeb.154245. 
World Organization for Animal Health. (2011). OIE Terrestrial Animal Health Code,
 Volume 1, General Provisions. Available at https://www.oie.int/doc/ged/D10905.PDF  
Wright, A. J., Aguilar Soto,  N, Baldwin, A. L., Bateson, M., Beale, C. M., Clark, C., Deak,
 T., Edwards, E. F., Fernández, A., Godinho, A., Hatch, L. T., Kakuschke, A.,
 Lusseau, D., Martineau, D., Romero, L. M., Weilgart, L. S., Wintle, B. A.,
 Notarbartolo di Sciara, G., & Martin, V. (2007a). Anthropogenic noise as a stressor in
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
37 
 animals: A multidisciplinary perspective. International Journal of Comparative
 Psychology, 20, 250-273. 
Wright, A. J., Aguilar Soto, N.., Baldwin, A. L., Bateson, M., Beale, C. M., Clark, C., Deak,
 T., Edwards, E. F., Fernandez, A., Godinho, A., Hatch, L. T., Kakuschke, A.,
 Lusseau, D., Martineau, D., Romero, L. M., Weilgart, L. S., Wintle, B. A.,
 Notarbartolo-di Sciara, G., & Martin, V. (2007b). Do marine mammals experience
 stress related to anthropogenic noise? International Journal of Comparative
 Psychology, 20, 274-316. 
Zwijacz-Kozica, T., Selva, N., Barja, I., Silván, G., Martínez-Fernández, L., Illera, J. C., &
 Jodłowski, M. (2013). Concentration of fecal cortisol metabolites in chamois in
 relation to tourist pressure in Tatra National Park (South Poland). Acta Theriol, 58,
 215–222.  
 
 
 
 
 
 
 
 
 
Welfare Impacts of Chase and Capture of Small Cetaceans 
 
 
 
 
38 
 
Figure Captions 
Figure 1.  A fleet of boats returns from a dolphin drive hunt in Taiji, Japan. Image: 
DolphinProject.com  
 
Figure 2. a) Metal trumpets utilized in the dolphin drive hunts. b) Trumpets (indicated by 
circle) are mounted on vessels and placed in the water. Using a hammer or other object, 
fishermen bang on the poles to create loud noise (up to 205dB) that disorients the dolphins.  
Image: Courtney Vail 
 
Figure 3. a) A group of Risso’s dolphins is corralled behind nets at the conclusion of a drive 
hunt. Image: DolphinProject.com/Marna Frida Olsen. b) After chase and confinement in a 
cove, live Risso’s dolphins are tethered and towed. Image: DolphinProject.com/Marna Frida 
Olsen.  c) While still alive, struggling dolphins are tethered by their tails for towing to the 
slaughter area (indicated by smaller circle). Other free-swimming dolphins (indicated by 
larger circle) in close proximity to those tethered. Image: AtlanticBlue.de 
 
Figure 4.  a) A dolphin is secured in a net after selection for a marine park. Image: Sea 
Shepherd Conservation Society.  b) An obviously injured bottlenose dolphin being restrained 
during selection for a marine park after a drive hunt. Image:  Sea Shepherd Conservation 
Society 
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Supplemental Video Material 
Supplementary Video 1  
https://www.dropbox.com/s/m33kw01r4uy5ft9/S1%20Video%20Tail%20tether.mp4?dl=0 
 
Supplementary Video 2 
https://www.dropbox.com/s/siime5c85f13fuu/S2%20Video%20Blood%20in%20Taiji%20Co
ve%2C%20January%2018%2C%202011.mp4?dl=0 
 
 
 
 
 
